CLASSIFICATION OF THE FOSSIL AND LIVING HYPERCALCIFIED CHAETETID-TYPE PORIFERA (DEMOSPONGIAE)
Ronald R. West [1014 Houston Street, Manhattan, Kansas, USA, e-mail: rrwest@ksu.edu] The hypercalcified demosponges with a chaetetid calcareous skeleton were originally described as Chaetetes by FischeR von Waldheim, MS in eichWald (1829) and subsequently by FischeR von Waldheim (1830 Waldheim ( , 1837 . sokolov (1955, 1962) , who provided a very complete review of the history of the classification of chaetetids, noted that milne-edWaRds and haime (1849), placed Chaetetes in a separate subfamily, the Chaetetinae, of the Favositidae, a family of the suborder Tabulata Zoantharia. Although it is a minor point, milne-edWaRds and haime (1849) did not use Tabulata, but rather Zoanthaires tabules as a vernacular name (see hill, 1981, p. 506) . Tabulata, was not introduced as a formal taxonomic entity until milneedWaRds and haime (1850) proposed Zoantharia Tabulata as a suborder.
Subsequently, the subfamily Chaetetinae became the family Chaetetida within the Tabulata (de FRomentel, 1860 (de FRomentel, , 1861 . Included within this family were not only chaetetids, but also ". . . tabulates with porous walls, bryozoans, stromatoporoids . . ." and ". . . even some genera of calcareous algae and tetradiids . . ." (sokolov, 1962, p. 259) . Thus, Chaetetes became a member of the Problematica with suggested representatives allocated to a number of different phyletic homes: sponges, corals, bryozoans, even foraminiferids and algae; depending on the interpretation of its simple skeletal morphology. Referring to chaetetids as well as sphinctozoans, stromatoporoids, and archaeocyaths, Wood (1990, p. 227) stated the situation well: "The major obstacle to the study of the problematic reef-builders was the absence of conclusive features that could expose a relationship to living forms. The profusion of known representatives of these groups was little help in the solution of the problem. Different workers seized upon different analogies and considered their chosen examples to be crucial, so that these ancient waifs were shunted from one biological group to another." lindstRöm (1873) considered Chaetetes a bryozoan, a view strongly supported by PeteRhans (1929) and also indicated by moRet (1966) . During the latter part of the 19th century, most investigators considered Chaetetes to be a coral, although where within the corals was the subject of some difference of opinion. milleR (1877) listed them with the Polypi, and in 1889, milleR placed them within the Coelenterata. duncan (1872) considered Chaetetes to be alcyonarian, along with Monticulipora and other genera. neumayR (1889) and stRuve (1898) placed them within the hexacorals. The early 20th century was not much different, in that WeisseRmel (1927, 1939) created the Chaetokorallen, and okulitch (1936b) proposed the order Chaetetina within the schizocorals. lecomPte (1939, 1952) noted the difficulties of considering them to be algae and bryozoans, as well as corals, but retained them within the Tabulata. BassleR (1950) considered them to be tetracorals, and sokolov (1939, 1955, 1962) placed them in the hydrozoans. Within the Hydrozoa, sokolov (1939 Hydrozoa, sokolov ( , 1955 Hydrozoa, sokolov ( , 1962 recognized a discrete group, the Chaetetida, and tesakov (1960) and FischeR (1970) accepted this designation.
Although Wood (1990, p. 228 ) indicated that until the late 1960s, most workers considered chaetetids to be hydrozoans, hill and stumm (1956) and mülleR (1963) retained them in the Tabulata as a separate family. hill and stumm (1956, p. 453) suggested that some Mesozoic and Eocene species of chaetetids might be coralline algae. hill (1981, p. 506) the name for the order designed by okulitch (1936b) from Chaetetina to the Chaetetida but queried its placement within the subclass Tabulata. hill (1981, p. 506) noted that ". . . in thin section chaetetids were homomorphic with members of other categories within the Coelenterata, but also with members of the Bryozoa, Porifera (sclerosponges), and Thallophyta (solenoporids)." hill stated (1981, p. 506) , "I am regarding them as Anthozoa Tabulata for lack of a better choice." By taking this decision, the geologic range of the Tabulata was extended into the Mesozoic and Cenozoic. Although clearly defined septa and pores connecting adjacent tubules were lacking, other features seemed to support the inclusion of chaetetids within the Tabulata. These other features were (1) the presence of tabulae, then considered to be an exclusively coelenterate feature; (2) the microstructure of the tubule walls, then described as clinogonal tufts in single ranks of longitudinal monacanths; and (3) the method of tubule increase (hill, 1981, p. 506-507) . In the section on post-Paleozoic Chaetetida, hill (1981) discussed the studies by haRtman and GoReau (1970, 1972) on extant sponges and by FischeR (1970 ), cuiF and others (1973 ), cuiF and FischeR (1974 , and by others on Mesozoic chaetetids. In these discussions, Hill suggested indirectly that some or all of the post-Paleozoic genera that she considered to be valid might be sponges. However, she did not include them in the stratigraphic distribution chart for the Tabulata, retaining only taxa that were exclusively Paleozoic.
Studies during the late 19th and early to middle 20th centuries are particularly significant relative to understanding the phyletic position of Chaetetes. Recall that in 1872, duncan considered Chaetetes, along with Monticulipora, as alcyonarian corals. The close relationship between Chaetetes and Monticulipora at that time is illustrated by the fact that James (1881) considered the former to be a subgenus of the latter. However, as noted by sokolov (1955 ( , p. 106), BassleR (1906 and cuminGs (1912) included the Paleozoic Monticuliporidae within the phylum Bryozoa (order Trepostomata). Consequently, the bryozoan genera were excluded from the Chaetetidae (sokolov, 1955, p. 106) , leaving them in the phylum Coelenterata. kiRkPatRick (1912, p. 502) stated, ". . . that numerous Palaeozoic fossils coming under the old-fashioned term 'Monticulipora' are of essentially the same nature as Merlia. . . ." Thus, irrespective of their phyletic membership, whether tabulate coral or bryozoan, the morphological similarity between Merlia normani, an extant sponge with siliceous spicules and a calcareous skeleton, and the fossil Chaetetes, was recognized by way of Monticulipora.
Other extant sponges with a calcareous skeleton were also known at that time: viz., Petrostroma schulzei (dödeRlein, 1892 (dödeRlein, , 1897 ; Astrosclera willeyana (listeR, 1900) ; and Ceratoporella nicholsoni (hickson, 1911) . But, it was Merlia normani, now recognized as a hypercalcified demosponge, that was suggested by kiRkPatRick (1912) to be the living descendant of some Paleozoic chaetetid fossils.
During the late 1960s and early 1970s, haRtman and GoReau (1966, 1970, 1972, 1975, 1976 ) rediscovered living sponges with calcareous skeletons from the cryptic reef environments of the Caribbean and IndoPacific. The impact of their studies is well summarized by Wood (1990) , with the basic aspects relative to chaetetids noted below. haRtman and GoReau (1970) proposed a new class, the Sclerospongiae of the phylum Porifera, for extant forms with a calcareous skeleton. Comparison between external and internal features of extant sclerosponges and fossil chaetetids led haRtman and GoReau (1972) to recognize the Chaetetida as an order within the class Sclerospongiae, along with the order Ceratoporellida. In placing chaetetids in the Sclerospongiae, haRtman and GoReau (1972, p. 146-147) noted the following resemblances to Ceratoporella: ". . . a similar arrangement and size range of contiguous tubes that divide by longitudinal fission, shared common walls between adjacent tubes, have a trabecular microstructure, and trend toward meandroid configuration in some instances." In Ceratoporella nicholsoni, the calcareous tubes (tubules) ". . . are filled in solidly beneath the living tissue" (haRtman & GoReau, 1972, p. 146) . The finding of tabulae in the tubules of the extant sclerosponge Acanthochaetetes wellsi (haRtman & GoReau, 1975 ) strengthened the poriferan affinity of fossil chaetetids. The presence of tabulae had previously been restricted to the Cnidaria (Wood, 1990, p. 228) . Tabulae in Acanthochaetetes wellsi and the absence of spicules in the calcareous skeleton in this extant form are two features common to most fossil chaetetids. In the systematics of the Porifera, haRtman (1980, p. 25) listed four orders with extant members in the Sclerospongiae: Stromatoporoida, Ceratoporellida, Tabulospongida, and Merliida. The Chaetetida was not included as an order by haRtman (1980), even though it was given as an order by haRtman and GoReau (1972), as noted above. Given the features of the calcareous skeleton, fossil chaetetids might be placed in any one of the latter three of the four orders listed by haRtman (1980) . Documentation of spicule pseudomorphs in Carboniferous chaetetids (GRay, 1980) and astrorhizae in Mesozoic (cuiF & others, 1973) and Carboniferous chaetetids (West & claRk, 1983 further strengthen the poriferan affinities of chaetetids. van soest (1984) and vacelet (1985) showed that variations in the spicules and other softtissue features in extant members of the Sclerospongiae could easily be accommodated within the Demospongiae and that the class Sclerospongiae was polyphyletic. Studies by ReitneR (1987a ReitneR ( , 1987b ReitneR ( , 1987c and Wood (1987) supported this interpretation, and the class Sclerospongiae has now been abandoned. "Chaetetids were proposed to be an assortment of demosponges" (Wood, 1990, p. 229) , and the former systematic group Chaetetida based on the calcareous skeleton was redefined as a morphological grade with no high systematic value. Molecular data (chomBaRd & others, 1997) (p. 144) , "A chaetetiform skeleton has developed independently several times during the course of evolution." Currently, chaetetid skeletons occur in at least three demosponge orders: the Hadromerida, the Poecilosclerida, the Agelasida, and possibly in others. The morphology of the spicules is the primary criteria for differentiating sponges, and in hypercalcified demosponges the mineralogy and microstructure is also important.
Besides differences in the morphology of spicules, the mineralogy and microstructure of the tubule walls is different in the extant groups. The original walls are either magnesium calcite or aragonite, and the microstructure may be penicilllate, lamellar, Features used to taxonomically differentiate hypercalcified demosponges fall into three categories. In order of decreasing usefulness, these are: (1) spicule composition and morphology; (2) the original mineralogy and microstructure of the calcareous skeleton; and (3) skeletal features such as size, shape, and arrangement of tubules. These are what ReitneR (1991) referred to as primary skeleton (spicules morphology) and secondary skeleton (mineralogy and microstructure of the tubule walls). Although the third set of features are those most often available in fossil chaetetids, their taxonomic value is suspect because of biological factors, i.e., genetics, environmental conditions during growth, and/or taphonomic processes (see below).
Although spicules are not always present in extant forms (see Treatise Online, Part E, Revised, vol. 4, Chapter 2A, p. 2), they are the primary feature for differentiating poriferan taxa. A meaningful taxonomy is, to some degree, equivocal if spicules are absent, and in chaetetid skeletons spicules, they are commonly absent. There are a number of valid reasons, as noted in Chapter 2A, why spicules are seldom found in fossil chaetetids, and the reader is referred to that chapter. Lacking spicules, namely pseudomorphs of spicules, only secondary skeletal features are left, namely the mineralogy and microstructure of the rigid calcareous skeleton. As noted in Chapter 2A (see Treatise Online, Part E, Revised, vol. 4, Chapter 2A, p. 53) , the mineralogy and microstructure of the calcareous skeleton can be taxonomically useful. Unfortunately, in most fossil chaetetids, the calcareous skeleton has been taphonomically altered (recrystallized and/or replaced), making it difficult, and commonly impossible, to determine the original mineralogy. By changing the original mineralogy, the original microstructure expressed by that mineralogy is also altered. Thus, in most fossil chaetetids, one is left with the least useful features of the calcareous skeleton upon which to base taxonomic determinations.
Chaetetid skeletons are morphologically very simple (see Wood, 1990, p. 227 , on morphological simplicity), with the most commonly preserved features being the size, shape, and arrangement of the tubules, the thicknesses of tubule walls and tabulae, and the spacing between tabulae. Genera and higher taxonomic categories of chaetetids have been based on the general growth form, general shape of the tubules in cross section, thickness of the tubule walls and tabulae, absence of septa and mural pores, and whether new tubules are added by axial, peripheral, or lateral budding. There are very few differences within genera, and between genera and higher taxonomic categories (hill, 1981) . Species of chaetetids have been differentiated primarily on the size of the tubules (commonly the diameter), thickness of the tubule walls, and thickness of the tabulae. To a lesser extent, the spacing between tabulae and the cross-sectional shape of the tubules has been used at the specific level. As shown by West (1994) , neither tubule diameter (an inappropriate measure for tubule size, as the tubules are, in cross section, irregular polygons, not circles), tubule wall thickness, nor the cross-sectional area of the tubules (see Treatise Online, Part E, Revised, vol. 4, Chapter 2A, Fig. 51 Fig. 52 ). These weaknesses are inferred to be due, in part, to taphonomic processes (West, 1995) . The inconsistencies documented in tubule size and wall thickness could also be the result of genetic and/ or environmental factors. But whether biological, environmental, or taphonomic, they are not dependable. Consequently, the current state of affairs is that, without spicules and/or the original mineralogy and microstructure of the calcareous skeleton, it is difficult, if not impossible, to systematize hypercalcified demosponges with a chaetetid skeleton.
hill (1981) listed 8 families within the order Chaetetida, of which 4 were queried, and 29 genera. Thus, not only did hill doubt the placement and/or validity of the order, she also doubted the validity of most of the families within the order. Seven of the 29 genera are in the 4 queried families ( Table 2) .
As noted above, hill (1981) separated the Paleozoic chaetetids (the first 26 taxa [22 genera and 4 subgenera] in Table 2 ) from the post-Paleozoic chaetetids (the last 7 taxa in Table 2 ). Genera that hill (1981, p. 520) (1981) . As pointed out previously, taphonomic processes can be of considerable importance to studies of the systematics of chaetetids as well as to other fossils with a similar skeleton. Currently, there are 22 chaetetid genera and subgenera from which pseudomorphs of spicules have been identified, and for which the original mineralogy and microstructure of the calcareous skeleton is known (Table  3) .
Because of the lack of pseudomorphs of spicules, and until more reliable data are available on the original mineralogy and microstructure of the calcareous skeleton, another four taxa are regarded as having a less certain status (Table 4) .
Spicules, or spicule pseudomorphs, original mineralogy, and microstructure of the basal skeleton are either inadequately known, or unknown from 26 of the 32 taxa listed in Table 5 , and these are considered to be chaetetid form taxa. The other 6 taxa in Table 5 , those below the dashed line, are currently considered to be either worm tubes or corals, as noted. hill (1981) considered 10 of the 32 taxa in Table 5 to be chaetetids (compare Tables 2 and 5 ). The remaining 22 taxa in Table 5 were either unknown to hill or were described, redescribed, or considered to be chaetetids since hill's 1981 work. An additional 11 taxa, listed by hill (1981) as chaetetids, are rejected from the group; they are more likely to be tabulate corals (Table 6 ).
In conclusion, the classification of chaetetids has had a long and varied history and with the recent assignment of the type species of the solenoporacean algae to the chaetetids (RidinG, 2004) , there remains more work to be done. Given the difficulties generated by taphonomic processes and the simple morphology of the calcareous skeleton, further careful studies are needed. With the rediscovery of extant forms in the 1960s and 1970s following the pioneering efforts of kiRkPatRick in the early 1900s, it is now apparent that chaetetid skeletons have evolved (or developed) more than once, in more than one clade, of the hypercalcified demosponges. (1):3-14. Cu i f, Je a n -P i e r r e , & Pa s c a l e G a u t r e t . 1 9 8 7 .
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